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Supplementary Materials

Finite-element analysis
We used commercial software ABAQUS as the FEA tool to investigate the mechanical response of the sol-gel-on-polymer IZO nanomembrane based ultra-thin stretchable and imperceptible devices. The PDMS substrate was modeled by the hexahedron elements (C3D8R), while the electronics and Polyimide layer were modeled by the composite shell element (S4R). For the hexahedron elements, second-order accuracy and enhanced hourglass control were adopted. In order to simulate the bulking of the electronic circuit, initial geometry defects were introduced in to the electronics patterns by buckling analysis. Also, automatic stabilization was used to avoid serious distortion of the hexahedron elements. Elastic material properties were used to simulate the PDMS with a Young's modulus of 2 MPa and the Poisson's ratio was chosen as 0.48. For the electronics, we constructed the composite shell element with the active material (metal, IZO, SU-8) sandwiched between two PI layers and linear elasticity was adopted for the material property with a Young's moduli and Poisson's ratio as follows: 2.5 GPa, 0.34 for PI; 77.2 GPa, 0.42 for metal (Au); 141 GPa, 0.25 for IZO; 3 GPa, 0.26 for SU-8. The simulation results match the experimental observations. In the strain rate simulation, dynamic explicit algorithm was used to carry out the influence of dynamic loading to the strain experienced at the metals and semiconductors. In addition, the PDMS substrate was treated as pure elastic without considering the viscosity for simplification.
Characteristics of the FETs
The field-effect mobility (µFE) was calculated by fitting the plot of the linear regime in the curve of the square root of drain current ( DS I ) versus gate voltage (VGS) based on the following equations
where, L and W are the channel length and width of the device, respectively, which are defined by the dimensions of the source and drain electrodes and the patterned IZO nanomembrane. The Ci value is the capacitance per unit area of the polymeric gate dielectric (~ 500 nm-thick) and is found to be 56.6 pF/mm 2 based on a reported relative dielectric constant (εr = 3.2) (43). The threshold voltage (VTH) is defined by the x-intercept of the extrapolation of the fitted curve (black dot line in Fig. 2J ). Subthreshold swing (ss) was determined by the equation
Calculation of the β and α values of the IZO temperature sensor
The resistance change in the IZO temperature sensor can be described by the Arrhenius relationship (S6) and the β parameter equation (S7) that is essentially the Steinhart-Hart equation, as follows (44-46)
where, ρ0, Ea, kB, and T, R0, and β are resistivity at infinite temperature, activation energy, Boltzmann constant, absolute temperature, resistance at infinite temperature, and thermistor constant, respectively. The β represents the slope in the relationship between lnR and the reciprocal of the absolute temperature (1/T). The fitted plot in Fig. 3J (red line) shows a slope of 4402.7 ± 116, a y-intercept of 9.60 ± 0.37 and an R 2 of 0.992. The result of the resistance change depending on temperature was fitted by the obtained β value (4402.7 K) with the β parameter equation. The fitted curve is shown with the red line in Fig. 3I with R0 of 14869 ± 91.10 K and R 2 of 0.993. The temperature coefficient, α, is described by differentiating the following equation (38, 44)
The calculated α at the examined temperature range (28. 
Gauge factor calculation of the IZO strain sensor
The resistance in IZO nanomembrane changes by ΔR under applied tensile strain (ε). The gauge factor (GF) is defined the following equation
where, R0 is the resistance of IZO nanomembrane under no strain (ε = 0). The calculated GFs of IZO strain sensor under 10%, 20%, and 30% are 1.65, 2.15, and 2.05, respectively. The linear fitting curve of the resistance versus strain shows a GF of 2.11 ± 0.13 over the strain range of 0 to 30%. 
